cal evidence (reviewed in Bartolomeo & Chokron 2002) suggests that left-sided stimuli fail to exert their normal attraction on neglect patients' attention. Thus, a basic mechanism of left neglect could be a deficit of exogenous, or stimulus-related, orienting of attention toward left-sided targets. In partial disagreement with this interpretation, it has been shown that neglect can occur not only in vision, but also in the absence of any physical object in the patient's visual field. For example, when asked to imagine and describe from memory familiar surroundings from a determined vantage point, neglect patients can omit left-sided details, only to later describe these same details when invited to assume the opposite point of view (Bisiach et al. 1981; Bisiach & Luzzatti 1978) . In these studies, imaginal neglect co-occurred with visual neglect. This association has often been interpreted as supporting pictorial models of visual mental imagery (Bisiach & Berti 1990; Kosslyn 1994) . Neglect patients would avoid mentioning left-sided imagined details because they would lack the left half of a (spatially organized) mental representation (Bisiach & Luzzatti 1978) . It would indeed be difficult to contend that neglect patients have a (however tacit) knowledge of their visual exploratory bias, and would consequently reproduce in imaginal tasks a neglect behavior of which they are, as a rule, completely unaware (Bisiach & Berti 1990) . It is, of course, also hard to see how a propositional code compatible with Pylyshyn's "null hypothesis" could have such spatial or directional properties to account for imaginal neglect.
On the other hand, the accumulation of neuropsychological evidence of multiple dissociations between imagery and perceptual abilities in brain-damaged patients (recently reviewed in Bartolomeo 2002), has proved devastating for models of mental imagery based on a functional and anatomical equivalence between these abilities, like Kosslyn's pictorial model. Some of these dissociations are not only functional, but seem to have also an anatomical basis. While occipital damage can determine perceptual deficits, it seems neither necessary, nor sufficient to produce imagery deficits. On the other hand, rather extensive damage of the left temporal lobe seems necessary in order to produce visual imagery deficits for object shape or color (Bartolomeo 2002), as well as for orthographic material (Bartolomeo et al. 2002) . Although dissociations have been described between visual and imaginal neglect (see Bartolomeo & Chokron 2001 for a recent review), no such anatomical segregation apparently emerged. Apart from occasional case descriptions of imaginal neglect after right frontal (Guariglia et al. 1993) or thalamic damage (Ortigue et al. 2001) , most cases of imaginal neglect result from lesions in the right temporal-parietal cortex, which is the same anatomical correlate of visual neglect (Vallar 1993) .
To explore the relationships between visual and imaginal neglect, we assessed them in 30 right-and 30 left-brain-damaged patients, and found imaginal neglect only in right-brain-damaged patients (Bartolomeo et al. 1994) . Imaginal neglect always cooccurred with visual neglect, 1 and scores measuring the lateral bias in the two types of tasks positively correlated, thus suggesting that the two disorders share some common underlying mechanism. Additional evidence confirming a relationship between visual and imaginal neglect comes from the outcome of maneuvers known to modulate visual neglect. When a patient had his eyes and head physically turned toward the left side, his descriptions from memory included more left-sided details (Meador et al. 1987) . Similar results were obtained by irrigating patient's left ear with cold water (Rode & Perenin 1994) , a vestibular stimulation likely to induce a leftward orienting of attention (Gainotti 1993). Imaginal neglect was also reduced by introducing a short adaptation period to a prismatic rightward shift of the visual field to the right (Rode et al. 2001) , another maneuver known to ameliorate visual neglect (Rossetti et al. 1998 ). Thus, sensory-motor procedures can influence imaginal neglect. 2 It has been proposed that at least some of these procedures act by facilitating leftward orienting of attention (Chokron & Bartolomeo 1999; Gainotti 1993) .
If so, one could surmise that neglect patients' visual attention can be laterally biased during place description, thus producing signs of imaginal neglect. In section 5.4 of his target article, Pylyshyn suggests that visuo-motor effects on imagery might depend on orienting one's gaze or attention on real, as opposed to imagined, locations. This interesting possibility, which would be coherent with what we know about the neglect patients' tendency to be attracted by right, non-neglected, visual targets (Gainotti et al. 1991) , could perhaps help explain imaginal neglect. During place description, patients' attention could be attracted by rightsided visual details, and this could in some way influence their performance in imaginal tasks. However, this account does not hold, at least for the studies of the Lyon group, in which patients kept their eyes closed during the imaginal tasks (Gilles Rode, personal communication). If there is an asymmetry of attentional shifts in imaginal neglect, then, it would be rather akin to analogous biases that neglect patients show in situations where no external stimulus is present, as, for example, in the disappearance of leftward REMs during sleep (Doricchi et al. 1993 ). An implication of this possibility, and one which is relevant to the "imagery debate," is that orienting of attention can influence space-related imagery. Although visual images are certainly not "seen" by the visual system, the phenomenon of imaginal neglect is consistent with the possibility that visual imagery involves some of the attentionalexploratory mechanisms that are employed in visual behavior (Thomas 1999) . According to a recent proposal (O'Regan & Noë 2001) , these motor processes are actually responsible for the "visual" character of visual experience. The "perceptual" aspects of visual mental images might thus result not from the construction of putative "quasi-perceptual" representations, but from the engagement of attentional and intentional aspects of perception in imaginal activity. ACKNOWLEDGMENT We thank Nigel Thomas for very helpful discussion on visual mental imagery.
NOTES
1. In fact, about two thirds of left neglect patients showed definite signs of neglect only in visual tasks, and not in imaginal tasks, probably because right-sided visual details exerted a powerful attraction on patients' attention (see Gainotti et al. 1991) . However, when imaginal neglect was present, it was always associated with visual neglect.
2. Conversely, a purely imaginal training can ameliorate visual neglect (Smania et al. 1997 ).
Spatial models of imagery for remembered scenes are more likely to advance (neuro)science than symbolic ones Pylyshyn's target article omits some of the evidence for the spatial organisation of visual imagery to be found in studies of memory for spatial scenes or arrays of objects. While not conclusive, this evidence may be instructive in escaping some of the logical caveats raised by Pylyshyn, and extending the discussion of the functional space in which retrieval products from memory are processed. Although other caveats will be found regarding these data, interpreting them in terms of their mapping onto space and our phys- ical movements within it will take us closer to understanding the relevant neural mechanisms. Thus, since science advances by a process in which one flawed but partially explanatory theory replaces another flawed but slightly-less explanatory theory, the spatial interpretation appeals to me as a neuroscientist. The evidence discussed here concerns (1) the spatial organisation of hemi-spatial neglect in imagery; (2) reaction time and performance data in memory for spatial locations; (3) the neuronal mechanisms suggested by single unit recordings in animals.
In patients with hemi-spatial neglect, damage to the internal image or to the means of accessing it occurs preferentially to the side contra-lateral to the lesion. How could this be unless the internal image itself were spatially organised? Pylyshyn (sect. 7.1) discusses Farah et al.'s (1992) patient who shows tunnel vision and also similar tunnel imagery. He argues that this patient has simply learned to simulate her impaired visual perception in imagery, that is, that this may not relate to the "cognitive architecture" of imagery. Can this objection be applied to hemi-spatial neglect in imagery? The majority of patients showing hemispatial neglect in imagery also show a similar perceptual neglect (Bisiach et al. 1979; 1981) , indicating significant overlap between the architecture of the two systems. However, the caveat that imagery might imitate perception is ruled out by the (albeit much rarer) case of patients showing relatively pure imaginal neglect (Beschin et al. 1997; Guariglia et al. 1993) , and even imaginal neglect on one side and perceptual neglect on the other (Beschin et al. 2000) .
The second piece of evidence concerns memory for the locations of objects in an array following a change in viewpoint. In these experiments, reaction times show a linear dependence on the size of the change in the subject's location or orientation between presentation and retrieval (Diwadkar & McNamara 1997) . Related imagery experiments require the subject, previously shown an array of locations, to point in the direction a location would have following a (imagined) rotation or translation of the subject. These experiments show a similar dependence of reaction time on the size of the rotation or translation between the subject's current position and the position from which they should imagine pointing (Easton & Sholl 1995) . These tasks probably differ from those involving single objects (e.g., Shepherd & Metzler 1971) in being solved by imagined movement of viewpoint as opposed to an equivalent imagined movement of the array (for which RTs and performance are worse). Only when a single object need be considered can imagined rotation of the array produce performance approaching that for imagined movement of viewpoint (Wraga et al. 2000) .
The same caveats apply to the interpretation of viewpoint manipulation data that Pylyshyn raises against mental rotation of single objects. However, in this case, there is independent evidence that our "cognitive architecture" is specifically adapted to accommodate the effects of physical movement through the environment compared to an equivalent movement of the array (Simons & Wang 1998; Wang & Simons 1999) . In these experiments, subjects' recognition memory for an array of objects on a circular table top is better after the subject had moved around the table to a new viewpoint than after an equivalent rotation of the table top. Since this effect is also observed in the dark (using phosphorescent objects) and in purely visual virtual reality (Christou & Bulthoff 1999) , the facilitation appears to apply to any processes corresponding to movement of viewpoint within the subject's mental model of the world.
What are the neural bases of these processes? A patient with focal damage to both hippocampi is specifically impaired at shifted view recognition of two or more object-locations compared to fixed-view recognition, or shifted view recognition of a single object-location (King et al. 2002) . The neural bases of self-location and orientation have been well examined in the rat. "Place cells" in the hippocampus encode the animal's current location in the environment (O'Keefe 1976; Wilson & McNaughton 1993) while "head-direction cells" nearby in the presubiculum (also mammillary bodies and anterior thalamus) encode its current orientation (Taube et al. 1990) . Additionally, cells in the connected area 7a of monkey parietal cortex represent stimulus locations in frames of reference relative to eye, head, and trunk, and allow translation between these frames and the environmental frame (Andersen et al. 1985; Pouget & Sejnowski 1999; Snyder et al. 1998 ). Viewpointdependent retrieval of remembered places can be modelled as an interaction between the parietal, place and head-direction systems, possibly accounting for their involvement in episodic memory (Burgess et al. 2001 ). Interestingly, current models of the place and head-direction systems see each representation as a "continuous attractor" (Zhang 1996) , in which the represented location or direction can shift under internal dynamics, but at a fixed speed (determined by the effective asymmetry of the connections between cells). This mechanism, applied to the viewpoint-dependent retrieval model, could explain the reaction time data, providing an explanatory model linking cells to spatial memory and imagery. Symbolic accounts seem less well formed to address these types of data. Abstract: Data from neuropsychology do not support the idea that the primary visual cortex necessarily displays internal visual images. However, the choice of formats used in human cognition is not restricted to depictive or descriptive representations. Nestled between pictures and propositions, primitive spatial schemas with simple analog features extracted from pictorial scenes may play a subtle but wide role in cognition.
Pictures, propositions, and primitives in the head
The hypothesis that the primary visual cortex serves as a plasma screen for our subjective experience of visual images falters when faced with neuropsychological evidence. We reported that two of three patients with cortical blindness imaged very well (Chatterjee & Southwood 1995) . The third had a lesion involving the left temporal-occipital junction, an area implicated in the generation of such images. Patients with cortical blindness and relatively spared imagery are not exceedingly rare (Goldenberg et al. 1995) . Butter and colleagues (Butter et al. 1997 ) contend that such patients do not have complete damage to primary visual cortex implying that islands of preserved tissue can display internally generated images. This position is peculiar. The idea that preserved islands of primary visual cortex support visual imagery but not vision undermines the original point of a close functional homology between imagery and perception in early visual cortex.
To oppose the notion of pictures displayed in primary visual cortex, however, sidesteps the deeper issue of whether human cognition involves more than one representational format. If one accepts that much of perception has an analog organization and much of language does not, and further, that one uses language to communicate information gleaned from perception, then how does one get from perception to language? One possibility is that primitive spatial schemas lie between perceptual and linguistic representations and play a role in human cognition (Chatterjee 2001) . This proposal is sketchy at best since it is informed by empirical observations that are at present limited. However, see Talmy (2000) for a related and developed discussion of schemas born of a separate theoretical tradition.
The general idea is that schemas retain some analog features of perception and incorporate discreteness found in symbol systems. From pictures, simple geometric features such as points, planes, and vectors are distilled, while the details and sensorial richness of perception are discarded. The schemas are discrete in that their features are distinct, generalizable, and easily categorized. As an
